AIm: To evaluate long-term postoperative facial nerve function in patients undergoing large cystic vestibular schwannomas (VSs) surgery. mAterIAl and methOds: Surgical outcome of 36 patients with large cystic VS was retrospectively assessed, and compared with a group of 67 patients with large solid VS.
InTRoduCTIon
Vestibular schwannomas (VSs) are benign and slow-growing tumors originating from the vestibular part of the eighth cranial nerve (23, 27) . In developed countries, most VSs are diagnosed in their small, early stages with modern imaging technology. But in China, large VSs measuring > 3.0cm are more common due to the less developed economy and healthcare system (27) . Microsurgery is considered the treatment of choice in large VSs, but complete resection of the tumor often carries a considerable risk of facial nerve damage, and good facial nerve function (HB Grade I or II) is reported in only 27%-58% of patients (1, 6) . Previous studies have documented that cystic degeneration in VSs was related to poor facial nerve outcome (2, 4, 20) . Although extensive cystic changes in VSs are relatively uncommon, it is more frequent in large tumors than tumors of smaller size (7, 11, 25) . In an attempt to assess postoperative facial nerve function in cases of large cystic VSs, we analyzed the surgical results in a consecutive series of patients with such tumors. Particular emphasis has been put on long-term facial nerve outcome Turkish Neurosurgery 2013, Vol: 23, No: 2, 161-169 and a comparison with a group of patients with large solid VS surgically treated during the same period at our institution was also performed.
MATeRIAl and MeThodS

Patients and Presention
A retrospective study of surgical outcome was performed on 103 consecutive patients with large VS (more than or equal to 3.0 cm in the greatest extrameatal diameter) who were surgically treated between March 2005 and March 2010. Preoperatively, all patients underwent plain and enhanced magnetic resonance imaging (MRI) scans except for 3 patients who had diagnostic consideration of epidermoid cyst and did not get enhanced MRI images. Histopathological examination verified VS in these 3 patients. Two groups of tumors were separated: a group of 36 cystic VSs and a group of 67 solid VSs. The cohort of 36 tumors was defined as cystic tumors according to the following criteria: 1) presence of hypointense areas without enhancement on contrast-enhanced T1-weighted image, 2) intraoperative identification of cystic elements, 3) cystic change involving more than 30% of tumor on gross examination. The volume of the tumor and cyst were estimated according to the method described by Mehrotra N (11). Based on the degree of cystic change (total and partial) and the cyst characteristics (monocystic or multicystic), four types of cystic VSs were identified: Type A1 monocystic partial cystic VS, which is characterized by a single cyst within tumor ( Figure 1A ). Type A2 multicystic partial cystic VS, which is present as multiple cysts within tumor ( Figure 1B ). Type B1 monocystic entire cystic VS, which is composed by a large single cyst surrounded by a thin wall or small amount of peripheral solid tissue ( Figure 1C ). Type B2 multicystic entire cystic VS, which is purely composed of multiple cysts ( Figure  1D ). Cystic VSs of this study included Type A in 25 patients (11 monocystic and 14 multicystic VSs) and Type B in 11 patients (4 monocystic and 7 multicystic VSs).
Cystic Group: There were 15 males and 21 females, with their age ranging from 31 to 76 years (mean 51.2 years). The tumors were located in the right side in 19 cases and in the left in 17 cases. The mean extrameatal size of the tumors was 4.6±0.8cm. The duration of initial symptoms prior to definitive diagnosis was between 1 month and 7 years (mean 24.2months). In 21 cases the initial symptom that led the patients to medical referral was hearing dysfunction. Atypical initial symptoms presented in 15 cases including headache (5), trigeminal hypoesthesia (4), facial palsy (1), unsteadiness (1), vertigo (2) and visual deficit (2) . Preoperatively, ten patients had facial nerve dysfunction: 6 had HB Grade II function, 3 had HB Grade III function, and 1 had HB Grade IV. 19 patients had symptoms of increased intracranial pressure with radiologically-verified obstructive hydrocephalus.
Solid Group: There were 27 males and 40 females with a mean age of 49.7 years (range 24-77). The time from onset of symptoms to diagnosis ranged from 20 days to 15 years, with a mean of 60.7 months. The mean extrameatal size of the tumors was 4.5±0.7cm. Hearing impairment was the most common initial symptom, which presented in 54 patients. In 13 cases, an atypical initial symptom such as headache, vertigo, trigeminal hypoesthesia, facial palsy and unsteadiness, presented. Preoperatively, 16 patients had facial nerve palsy: HB Grade II in 9 patients, Grade III in 4 and Grade IV in 3. Radiological evidence of hydrocephalus was demonstrated in 21 patients.
Surgical Procedures and Outcome Measures
All patients were treated using a standardized microsurgical technique and the retrosigmoid suboccipital approach, and underwent surgery by the same surgeon (G.L.). Details of the surgical technique have been described previously (26, 27) . Since 2009, intraoperative electrophysiological monitoring has been routinely utilized. During the operation, we focus on the following points to avoid the damage of the facial nerve: 1) greater cerebellar retraction is not required for cystic tumors because CSF release and drainage of cyst content can achieve a better exposure; 2) facial nerve should be carefully separated from the tumor by using a sharp dissection; 3) When the tumors adhere firmly to the facial nerve and brainstem, a little amount of residual tumor capsule is left; 4) Bipolar coagulation should be performed rarely and at low intensity.
Facial nerve function was assessed using the HouseBrackmann (HB) facial nerve function grading scale. Facial nerve function was evaluated at the time of discharge, and at 1 year after surgery. The patients were divided into two subgroups: favorable facial nerve function (HB Grades I-III) and poor facial nerve function (HB Grades IV-VI) (5, 14) . The extent of tumor removal was initially judged by the surgeon and confirmed by postoperative CT or MRI. The degree of resection was classified as gross total resection (GTR), near total resection (NTR), and subtotal resection (STR). NTR was defined as over 95% resection leaving remnants of intra-meatal tumor or tumor adhering to the facial nerve or brainstem. STR was defined as over 90% resection of the tumor (13) .
Statistical Analysis
The statistical package SPSS 13.0 (SPSS, Chicago, IL, USA) was used for all analyses. Continuous variables were compared using an independent student's t-test. Binary variables were compared using Pearson's χ2 test. Logistic regression was performed on favorable facial nerve function to assess the influence of subtotal resection, age and tumor size (≥45mm). Odds ratios were calculated and statistical significance was determined if P<0.05.
ReSulTS
General
The mean duration of symptoms for the cystic tumors was shorter than the solid tumors, and the incidence of atypical initial symptoms and preoperative hydrocephalus were significantly high in cystic tumors. During the operation, blood transfusion was necessary in 4 of patients with cystic VSs and Table I . There was no significant difference in postoperative facial nerve function between cystic and solid tumor group at discharge or 1 year follow-up (P=0.878, P=0.304). Among cystic VSs with severe adhesion to the facial nerve, 12 of 15 cases with STR or NTR had favorable facial nerve function at discharge, but only 1 case in the complete resection group had a favorable facial nerve outcome (P=0.002). Using logistic regression analysis with a primary outcome measure of HB Grades I-III in both cystic and solid VSs, we found that only smaller tumor size (P=0.044, odds ratio =2.71) was significant, and there may be a trend for subtotal resection (P=0.071, odds ratio =0.30).
Complications
A summary of postoperative complication in both groups is listed in Table II . One patient out of 103 died in the postoperative period: this was a 56-year-old woman with a cystic tumor, who died due to post-operative hematoma. The most common complication was lower cranial nerves deficits, which occurred in 2 (5.6%) patients affected by cystic VS and in 6 (9.0%) patients with solid VS, and the nerve dysfunction was mostly temporary and mild. Followed by the CSF leak that occurred in 2 (5.6%) of patients with cystic VS and 4 (6.0%) of patients with solid VS. The CSF leak was resolved with lumbar puncture or a lumbar drain. 1(2.8%) of cystic VS patients and 2 (3.0%) of solid VS patients developed bacterial meningitis that 14 of patients with solid VSs. Severe adhesion to the facial nerve was found in 23 cystic VSs and 25 solid VSs. In cystic group, GTR was performed in 21 (58.3%) of the 36 patients, NTR in 8 (22.2%), and STR in 7 (19.4%). Among patients that underwent STR, portions of tumor capsule were leave in situ with the facial nerve (2 facial nerve, 5 facial nerve and brainstem). In solid group, GTR was performed in 53 (79.1%) of the 67 patients, NTR in 8 (11.9%), and STR in 6 (12.8%). There was one death (2.8%) in cystic group. No recurrences have been observed in patients with cystic tumor. One patient with solid VS developed recurrent tumor, the patient was treated by stereotactic radiosurgery.
Postoperative Facial Nerve Function
In the cystic group the rate of anatomic preservation of the facial nerve was 88.9%. In four cases, the facial nerve was closely adherent to the tumor and was not preserved, but they all got total tumor resection. The assessment of facial nerve function is shown in Table I . Five patients had complete facial palsy after surgery, including those with loss of the anatomical integrity of the nerve. At discharge, 23 (65.7%) patients had favorable facial nerve function, 12(34.3%) patients had unfavorable facial nerve function. At 1 year follow-up, 75.8% of all patients had favorable facial nerve function, 24.2% had poor function. 19 patients (82.6%) with Type A cystic tumors had favorable facial outcomes, and 4 (17.4%) had unfavorable outcomes. 6 patients (60%) with Type B cystic tumors had favorable outcomes, and 4 (40%) had poor facial plane (2, 11, 12, 14, 23) . Although some of these factors are also often encountered during operation of large solid VSs, it seems they occur with increased frequency during resection of cystic VSs (14) .
Large cystic VSs are characterized by serious adhesion or absence of a clear histologic cleavage plane at tumor-nerve interface. Thus, a decent dissection may increase the risk of direct trauma or nerve stretching, and may damage the blood supply since most of the microvascular blood supply to the facial nerve lie in the subarachnoid space. Some authors favor subtotal tumor removal to minimize the risk of injury to the facial nerve in large VS as well as cystic VS surgery (14, 27) . Piccirillo E et al. (14) reported that only subtotal resection could offer the cystic VS patients a normal facial nerve outcome, when a dissection plane could not be developed between the cyst wall and the nerve. In our series, there was no significant difference in facial nerve outcomes between cystic and solid tumors, despite total removal rate in cystic VSs is significantly lower than in solid tumors. However, it must be noted that many studies have found that cystic tumors are associated with unfavorable facial nerve outcomes, and we also agree that extensive adhesion in cystic VSs increases the risk of facial nerve damage. Thus, we attribute the similar results to our appropriate intraoperative management.
Cystic VSs represent a heterogeneous group of tumors in terms of the existence of an arachnoid dissection plane, location of the cysts, thickness of the cyst wall, number of the cysts and degree of the cyst change. All these variables can affect the surgical outcomes, and the degree of the cyst change was one of the most importance prognostic factors for postoperative results (10) . According to preoperative image and intraoperative findings, we classified cystic VSs into four subtypes to help with preoperative assessment. In our experience, partial cystic VSs with central or posterior located cyst tend to be easily excised with a better facial nerve function (Figure 2 A,B,C) . As previous studies reported, special care should be taken to removal entire cystic VSs ( Figure 5 A-F, Figure 6 A-E), because the arachnoidal plane is extremely difficult to maintain in this nature by the fact that the thin tumor wall offers low resistance to dissection. Furthermore, in multicystic entire cystic VS (Figure 6 ), the separation strips within tumor may confuse with the tumor capsule during the surgery. In our cystic series, four cases failed in facial nerve preservation, including two cases of entire cystic VS and two cases of partial cystic VSs with anterior or medial located cysts (Figure 3 A,B,C, Figure 4 A,B,C).
As complete resection of large cystic VSs may carry a risk of long-term suboptimal facial nerve outcome, and near total or subtotal resection could afford a better facial nerve function, we agree with Piccirillo E and others that when the tumor is adherent to the facial nerve and a dissection plane cannot be developed between the cyst wall and the nerve, near total or subtotal resection, leaving portions of the cyst walls on the facial nerve is recommended. In the current literature, many authors do not believe that complete tumor resection is treated successfully with antibiotics. There was no significant difference in the frequency of complications and mortality in the two groups.
dISCuSSIon
Cystic VSs differ from solid ones by atypical initial symptoms, shorter symptom duration, sudden neurological deterioration and more frequent facial nerve involvement (2, 4, 11, 14, 23) . Moreover, cystic VSs are thought to display rapid growth, and therefore these tumors often present with larger tumors (7) . Contemporary treatment strategies for VSs consist of microsurgical resection, radiosurgery, watchful waiting or a combination of these modalities. Because of the large tumor size at diagnosis and reported cases of cyst swelling after radiosurgery (RS), microsurgical resection is the treatment of choice in cystic VSs (2, 4) . However, previous studies suggested that cystic VSs had worse surgical outcomes compared to solid tumors, especially in the postoperative facial nerve function. The major factor influencing the postoperative facial function is the tumor size. A good facial function is achieved in most small lesion and in a much lower proportion of cases with large tumors. As reported by Wiet et al. (24) , the risk of facial nerve dysfunction in patients with a VS > 3 cm is 6-fold greater than that in patients with smaller size tumor. Large VSs are often associated with compression of the adjacent cranial nerves and brainstem, the facial nerve is compressed or even infiltrated by the tumor capsule, it is stretched very thin and often adheres tightly to the tumor. Identification and dissection of the facial nerve with preserving its anatomic integrity and function become more difficult in large VSs surgery.
The advantages of the retrosigmoid approach have been discussed by different authors, and good results have published in numerous papers (8, 25, 27) . In this study, we applied this approach to remove 103 large VSs including 36 cystic and 67 solid tumors. The facial nerve outcome was favorable in 70.1% of the total patients and 73.1% of patients with cystic VS at 1 year after surgery. The results indicated that the facial nerve function could be effective preserved by this approach, even for large cystic VSs.
The injury of the facial nerve during operations for removal of VSs can be caused by a number of possible mechanisms. The main causes include direct trauma or nerve stretching as well as compromise of the vascular supply to the facial nerve during surgery (18) .Various factors that lead to unfavorable facial nerve function in cystic VSs include stronger adhesion of cystic tumor to the facial nerve, hypervascular solid portions of the tumor, relatively uncertain position of facial nerves, and more difficulty in maintaining the subarachnoid dissection to other reports (16) , the rate of postoperative lower cranial nerve dysfunction is higher in our study. However, it may be related to our higher percentage of patients with preoperative facial palsy and obstructive hydrocephalus.
ConCluSIon
In a majority of patients with large cystic VSs, favorable facial nerve function can be attained by surgical treatment via retrosigmoid approach. Special care should be taken to removal entire cystic VSs as well as partial cystic VSs with anterior or medial located cysts. When a dissection plane could not be developed between the cyst wall and the facial nerve, near total or subtotal resection, leaving portions of cyst wall attached to the facial nerve, is of benefit for facial nerve outcomes.
indicated in all cases of cystic VS, preservation of facial nerve function should be prioritized over total resection of tumor for the severe psychosocial impact of disfiguring facial palsy on the patients (2, 12, 14, 15) .
There seemed to be no functional difference in outcome between cystic VS patients and solid VS patients, even though one cystic VS patient died of perioperative cerebellopontine angle hemorrhage. Cerebellopontine angle hemorrhage was one of the main causes of death in operation of larger VS (16). Samii and Matthies reported the patients with cystic tumors were at major risk of postoperative CPA hemorrhage (17) . Injury to the venous structures or excessive removal of cyst wall leading small bleeding has been believed to be responsible for insidious postoperative bleeding. Compared 
